We have searched 101 Classical transneptunian objects for companions with the Hubble Space Telescope. Of these, at least 21 are binary. The heliocentric inclinations of the objects we observed range from 0.6-34
Introduction
Binaries are a well-established feature of the transneptunian population; more than 50 systems are known (Noll et al. 2008) . The number of transneptunian binaries (TNBs) is most usefully expressed as a fraction of the population; this fundamental quantity is among the first to be determined by large surveys. Any such fraction must be qualified by the detection limits of the instrument configuration used to carry out the observations. As the number of detected binaries increases, it is becoming clear that the fraction of detectable TNBs is a function of factors beyond instrument sensitivity (Stephens and Noll 2006) .
One of the surprising facets of the transneptunian population is its dynamical complexity, a complexity that has fueled a proliferation of classification schemes. While there is no generally agreed-upon system of classification (e.g. Elliot et al. 2005; Gladman et al. 2008; Lykawka and Mukai 2007) , all of the proposed schemes recognize objects in stable, non-resonant, non-scattering, low-eccentricity (e ⊙ < ∼ 0.24) orbits as a distinct class. These objects are generally referred to as "Classical" transneptunian objects (TNO) and are mostly located between 42-48 AU. The Classicals are sometimes further subdivided into two subgroups, Hot and Cold, based on their inclination. The high-inclination Hot Classicals differ in measurable ways (color, absolute magnitude) from the low-inclination Cold Classicals and may have a distinct evolutionary history (Tegler and Romanishin 2000; Levison and Stern 2001; Brown 2001 ). As we show in this work, an additional distinction between these two subclasses is the fraction of objects that are binary.
We have been conducting a series of surveys of transneptunian objects using the Hubble Space Telescope since 2001. In this paper we report on the result of searches for binary companions of 101 Classicals observed with the Near Infrared Camera Multi-Object Spectrometer (NICMOS) or the Advanced Camera for Surveys (ACS). We find a remarkable concentration of binaries among the low inclination Classicals and, conversely, a marked absence of these systems among higher inclination Classicals. The variation in the fraction of binaries with inclination appears to be another indicator that the Classicals are composed of two partially overlapping populations that may have originated in distinctly different parts of the early Solar System.
Observations
The data discussed in this paper come from observations made with Hubble Space Telescope (HST) from August 2002 through January 2006 plus two objects that we observed with HST in August 1998. A complete list of the 101 Classicals we considered for this work can be found in Table 1 .
Most of the observations come from one of three HST snapshot programs, one using NICMOS and two using the ACS. Targets in snapshot programs are selected randomly from a longer list of potential targets. We managed the list to maintain a balance of dynamical types, but could not control which objects were observed. All targets were required to have sufficiently well-known orbits that the uncertainty in their positions by the end of the observing cycle were < ∼ 5 arcsec.
We identified targets in our snapshot programs by their motion relative to other sources in the field. In order to ensure that targets would have sufficient relative motion we used the targeting windows in the HST phase 2 proposals to exclude times when the target motion was < 0.18 arcsec/hr. This eliminates only a negligible portion of the scheduling window for targets.
NICMOS Observations
Somewhat less than half of the Classicals in our sample were observed with NICMOS as part of HST programs 9060 (August 2002 -June 2003 and 7858 (August 1998). The observations were made with the NIC2 camera, one of three separate cameras that are part of NICMOS. We used the F110W and F160W filters corresponding, approximately, to the infrared J and H bands.
The NIC2 camera has a nominal pixel scale of 0.0759×0.0754 arcsec/pixel and low geometric distortion. At the NIC2 pixel scale, diffraction-limited HST images are critically sampled in the F160W filter, and are undersampled in the F110W filter. Each target was observed at two dither positions. At each dither position we obtained one image in each filter. The observations are fully described by Stephens and Noll (2006) . In this earlier work, we detailed the techniques we used to identify a total of 9 binaries in NICMOS images. For 3 of the 9 binaries we were able to identify the secondary easily via visual inspection. All of these 3 were sufficiently well-separated that no modeling was required. The remaining 6 binaries had smaller separations and were identified using a binary PSF fitting program. Several of the binaries found from PSF fitting were subsequently confirmed using higher resolution HRC images including two Classicals, 1999 OJ 4 and (79360) 1997 CS 29 .
HRC Observations
More than half the objects were observed using the High Resolution Camera (HRC), a component of the ACS that is currently inoperable. The HRC has an anamorphic pixel scale of 0.0284×0.0248 arcsec/pixel. The HRC slightly oversamples the diffraction limited HST PSF which has a full-width-half-maximum (FWHM) of approximately 0.07 arcsec for the filters we used.
Most of the HRC data come from one of two identical HST Snapshot programs (10514 and 10800) that we carried out from July 2004 through January 2007. The data taken as part of these two programs were obtained with the Clear filters in the HRC. The effective bandpass of the Clear filter mode is determined by the wavelength response of the CCD detector; it has a FWHM of 520 nm centered at 620 nm. This non-standard filter configuration of the HRC provided the maximum possible throughput at the cost of an approximate 10% increase in the FWHM of the point-spread function (PSF) compared to the diffraction limited FWHM. The properties of the Clear filters are described in more detail by Gilliland and Hartig (2003) .
Most objects from programs 10514 and 10800 were observed with a sequence of four dithered exposures using the standard HRC box-dither pattern. The exposure times were 300 seconds duration per dither position for most of these objects. For 4 bright targets we used shorter 240 sec exposures at each position in the box dither pattern. The objects that we imaged through December 2005 were observed with three dithered exposures of 500 seconds each. With only three exposures, combined images typically have several artifacts resulting from triple-incident cosmic rays. Because these can mimic faint companions, we changed the observing sequence to the four-exposure pattern starting in January 2006. This pattern effectively eliminates all artifacts from multiply-coincident cosmic rays. We note, however, that none of the three-exposure objects was found to have a faint companion and therefore there is no bias in the results as a result of these different patterns.
For the sake of completeness, we also included in our analysis 7 bright targets observed by other programs; all have H V ≤ 4.5. The Classical (20000) Varuna was observed by S. Sheppard and K. Noll in proposal 10555 with the HRC and was found to be single. The observations used the F606W filter and were dithered in a four-point box-dither pattern with 620 sec exposures at each position. Brown and Suer (2007) 
Analysis
The results of our binary search are shown in Table 1 and are illustrated in Figures 1 and 2. There is an obvious concentration of binaries at low inclination with a nearly complete absence of binaries at higher inclinations. To quantify the anti-correlation between Classical binaries and inclination seen in Figures 1 and 2 , we must first consider which objects to include in the analysis. The number of Classicals in our sample, and the statistical significance of our results, vary somewhat depending on which definition of Classical is used. Ultimately, however, as we show in Table 2 , the binary-inclination anticorrelation is significant regardless of how Classicals are defined.
The homogeneity of the observations used to search for binaries is another important issue that must be addressed. In order to increase the sample size we have included data sets that are not strictly homogeneous. However, as we show below, the detection limits of these data sets are comparable and remaining biases can be addressed with some confidence.
Definition of Classical
The dynamical classification of transneptunian objects is an evolving and, to some degree, arbitrary subject. All of the schemes recognize the Classicals, i.e. the non-resonant, low-eccentricity, non-scattering population, as a distinct dynamical class. There are, however, disagreements about how to define the boundary between the Classicals and other dynamical classes. In particular, there is disagreement about how far in inclination the Classicals should extend and how to define the boundary with the Scattered Disk. The Deep Ecliptic Survey (DES) classification system (Elliot et al. 2005) defines Classicals by requiring that the objects be nonresonant and have a Tisserand parameter, T N , relative to Neptune of T N > 3 and a low eccentricity, e < 0.2. The Tisserand parameter is defined as In this work we have opted to work with the broadest definition of Classicals, i.e. the GMV definition. The most prominent difference between the DES and GMV definitions is that the GMV Classicals include a number of objects at higher inclinations that are classified as Scattered-Near by the DES. In Table 1 and Figures 1 and 2 we identify those objects that are not Classicals by the DES definition. Most of these objects are classified as Scattered-Near in the DES system. It is important to note that the conclusions of our work do not depend on which classification scheme is used. The step-function-like decrease in binaries at i ≈ 5.5
• is robust with any of the existing definitions of Classicals.
For convenience, we have also adopted the terms Cold Classicals and Hot Classicals to refer to Classicals with inclinations below and above some cutoff, respectively. The value of the cutoff is not predetermined, but generally is near 5
• . Considering only binaries, we would put the boundary slightly higher, at 5.5
• , but we consider this difference to be small.
Finally, we note that throughout this paper when we refer to "inclination", unless otherwise qualified, we are referring to the inclination relative to the invariable plane. Because inclination can change over time, we use the mean inclination calculated from 10 Myr integrations (Elliot et al. 2005) . We list both the osculating heliocentric inclination, i ⊙ , and the 10 Myr mean inclination with respect to the invariable plane,ī, in Table 1 . The objects in Table 1 are listed in order of increasingī. As a comparison shows, the distinction betweenī and i ⊙ makes only minor differences and does not affect the conclusions of this paper.
Detection Limits
Any discussion of binary statistics must include a quantitative estimate of detection limits.
One of the advantages of observing with HST is the inherent stability of the PSF. Observations made with the same HST instrument, filter and exposure will have essentially identical detection limits. Small variations in focus and jitter account for generally negligible differences between individual exposures. However, even in the ideal case of observations made with the same HST instrument and observing sequence, detection limits still depend on the brightness of the primary and the separation of the components in a non-trivial way that makes it impossible to state a single detection limit, particularly for close companions. The data included in this paper were mostly obtained with one of two observational configurations. We discuss the detection limits for each of these configurations separately below.
Detection limits for the observations made with NICMOS were discussed in detail by Stephens and Noll (2006) . At large separations from the primary, the detection limit is determined by the filter and exposure time and, to a lesser extent, the background from cosmic ray residuals and scattered earthshine. According to the NICMOS Exposure Time Calculator (Arribas et al. 2004) , the 5σ detection limit for a single 512 sec exposure with the F160W filter occurs for an H-band magnitude of 22.6 (using aperture photometry; PSF fitting can improve the S/N by roughly a factor of 2). The median magnitude of the objects observed with NICMOS is H med = 21.15.
In tests with embedded artificial secondaries separated by at least one full resolution element,
Stephens and Noll found half of objects with H=23.5 consistent with the predicted S/N of ∼2 for this magnitude.
For separations of less than ∼2 pixels, the local background for a possible secondary is dominated by the PSF of the primary. The detection limit in these cases is determined, in part, by the brightness of the primary, as shown by Stephens and Noll (2006) in their Figure 2 . It is interesting to note that given sufficient S/N, i.e. bright sources, secondaries can be found with separations that are a fraction of a pixel. However, detecting these objects at separations smaller than the Nyquist limit requires a binary PSF-fitting program like the one discussed by Stephens and Noll. PSF-fitting was carried out for all of the NICMOS data and all but one of the detected NICMOS binaries was found at a separation of 0.061 arcsec (0.8 pixels) or greater. All of the NICMOS binary detections were significant at 3σ or better.
Detection limits for our observations with the HRC similarly divide into two different regimes. For objects far enough from other sources, the background is determined by sky brightness, dark current, and read noise. The expected 5σ detection limit for single 300 second integrations with the Clear filters is V = 26.5. By combining all four images, the limit drops to V = 27.2 (Noll et al. 2008) . Analysis of observed backgrounds shows a very close match to the predicted performance. The median magnitude of the objects in the HRC sample is V med = 22.8.
At small separations the background for a potential secondary in HRC images is determined by the PSF of the primary. As discussed for NICMOS above, the detection limit becomes a complex function of the brightness of the primary and the relative position of the secondary.
For the HRC this becomes even more complex because of the azimuthal asymmetry of the PSF.
We estimated the detection limits for close binaries with a series of implanted secondaries at a range of separations (Noll et al. 2006a (Noll et al. , 2008 . To give one specific example, at a separation of 3 pixels (∼0.075 arcsec), typical of the close binaries found with the HRC, the detection limit is approximately V = 25 for a primary with V = 23.
While combining data from different instruments with differing detection limits is not ideal, it does give us the advantage of increasing the sample size. Because PSF-fitting for binary identification has been completed for the NIC2 data, but not for the HRC data, the relative separation limits for the two data sets are approximately equal, roughly 0.06-0.07 arcsec. The two instruments differ substantially in their ability to detect faint secondaries. For widely separated binaries the HRC can go significantly deeper relative to the primary (∆ mag ∼4 vs. ∆ mag ∼2 magnitudes) for a "typical" target. A comparable advantage for the HRC holds at smaller separations. However, as shown by Noll et al. (2006a Noll et al. ( , 2008 , the magnitude difference for Classical binaries, for both NICMOS and HRC, is clustered at ∆ mag < 1. This clustering suggests that the shallower NICMOS images have missed few secondaries. As can be seen in Figures   1 and 2, the trend of binaries with inclination is clearly present in both the NICMOS-only and HRC-only halves of our data set. Thus we conclude that combining the two data sets serves our purpose of improving the statistics without introducing unnecessary bias.
We mention one caveat with regard to our list of detected binaries. PSF fitting has not been carried out for the HRC data reported here. When PSF fitting is completed it is possible that additional close binaries will be detected at separations of less than 0.06 arcsec. However, the NICMOS and HRC data sets will then not be directly comparable because the number of binaries increases rapidly at small separations (Noll et al. 2008) . Thus, the current situation where both NICMOS and HRC angular resolution limits are similar, is optimal for the purposes of this paper.
Statistics
We applied two statistical tests to our samples in order to quantify the significance of the binary fraction as a function of inclination. The results are summarized in Table 2 .
We used the Kolmogorov-Smirnov (K-S) test (Press et al. 1992) to assess the likelihood of the observed distribution of binaries with inclination arising by chance from a single population with a fixed fraction of binaries. For this test we divide the sample into singles and binaries and for each group create an ordered list in inclination. The result of this ordering is plotted in Figure 3 where the cumulative fraction of objects in each list is plotted as a function of inclination. The K-S test makes use of the so-called D-statistic, which is the maximum vertical distance between the two cumulative distribution functions and is invariant with respect to the scaling of the abscissa.
Because we do not have an a priori expectation for the distribution of either singles of binaries with inclination, we use the two-sample K-S test to convert the D-statistic into a probability, p KS .
As shown in Table 2 , the probability that the null hypothesis is correct, i.e. that the binaries and singles have the same distribution in inclination, is p KS = 0.8 -6.4% depending on which sample is used. The largest uniform sample, GMV Classicals with H V > 5, gives a 99.2% probability (i.e. 1 − p KS ) that singles and binaries have different inclination distributions.
A size-inclination correlation among Classicals, like the one proposed by Levison and Stern (2001) , would bias our results if there were a change in the rate or type of binaries with the size of the object. Just such a change has been suggested by Brown et al. (2006) who find that a high fraction of the largest TNOs have small satellites, possibly the result of collisions. The smaller Classicals are dominated by similar-sized binaries that most plausibly formed from capture (Lee et al. 2007 , Noll et al. 2008 . In order to account for the observed changes in the inclination distribution and in the type of binaries that are detectable as a function of absolute magnitude, H V (an observable proxy for size), we have considered samples with and without a cutoff in H V .
We checked the sensitivity of the K-S test to the choice of H V cutoff by iteratively computing p KS while allowing the H V cutoff to vary. In all cases we considered only an H V minimum cutoff (i.e. a maximum object size). The results for both GMV and DES Classicals are plotted in Figure   4 . A broad minimum in the probability occurs for a cutoff at H V ≈ 5. This is not surprising given the lack of large objects at low inclinations and the prevalence of smaller satellites around the larger objects which led us to consider a cutoff in the first place.
It is illuminating to compute the fraction of binaries in the different subgroups we have defined. Using the GMV sample we find that 17 of 58 Classicals with i < 5.5
• are binary.
Expressed as a percentage, this is 29.3±
7.2 6.3 % (1σ). If we limit this sample to objects with H V ≥ 5, we eliminate only 1 object, a single. The ratio is then 17 of 57 for a binary fraction of 29.8±
7.3 6.4
%.
For higher inclination objects, i > 5.5
• , the GMV sample includes 43 objects, 4 of which are binaries. This corresponds to a binary fraction of 9.3±
6.7 4.4
%. Eliminating the brightest objects, H V < 5, from this sample reduces the total to 34 objects with only a single binary. The binary fraction of the Hot Classicals is then only 2.9±
6.5 2.4 %.
We also conducted a χ 2 test on our data after binning it into 2×2 contingency tables (Table   2) . We use Yates' correction for continuity which is necessary for samples where small sample sizes occur in one or more of the cells (Preacher 2001) . In order to carry out this type of test it is necessary choose an inclination boundary for binning. We chose an inclination ofī=5.5
• which maximizes the probability that the two groups defined in this way differ. The test could be conducted for other inclination cutoffs, if desired. An inclination boundary ofī=4.6
• (Peixinho et al. 2004 , Gulbis et al. 2006 ) yields a result that is only slightly less significant than we found for a boundary atī=5.5
• .
Discussion
Why should binaries be frequent around Classical objects at low inclination but absent around Classicals at higher inclinations? From a strictly logical point of view, there are only two possibilities. Either the high inclination population did not form many binaries in the first place or it did but subsequently lost them. We describe variants of each of these possible scenarios below and consider their implications.
Environmental Effects
In an early attempt to understand the remarkable color diversity of the Kuiper Belt, Stern (2002) found an apparent ≈ 3σ correlation between the "rms collision velocity", V rms , and color.
In this formulation V rms , defined as V rms ∝ (e 2 + i 2 ) 1/2 , provided a possible link between physical properties and inclination. However, this model was critiqued by Thébault and Doressoundiram (2003) who pointed out that V rms is indicative of excitation for a particular body, but is not directly related to impact energy, which must take into account the full dynamical structure of the Kuiper Belt. Thébault and Doressoundiram modeled impact energy for several possible impactor distributions and found that impact energy correlations, when present at all, were more strongly correlated with eccentricity than with inclination. Because of the lack of correlation with inclination, Thébault and Doressoundiram rejected the impact energy hypothesis as a possible source of the observed color-inclination correlation in the Kuiper Belt. We make the same conclusion with regard to the inclination-dependence of binaries that we have found.
We are unaware of any other environmental mechanism that can produce variations in physical properties with inclination, in situ. Thus, we conclude, the inclination dependence of binaries cannot have evolved from a single homogeneous precursor population.
Two Populations
The logical alternative explanation for the observed inclination-binary dichotomy is that the objects currently defined as Classicals are, in fact, two different populations that partially overlap in orbital parameter space with similar distributions in a and e, but different i distributions.
This suggestion has been made before based both on observational evidence and on theoretical grounds. We briefly summarize each line of evidence below.
Ensemble inclination Brown (2001) showed that the observed inclination distribution of 379
TNOs could be best modeled as a combination of two simple functions (Gaussians) distinguished by different FWHM. This result has recently been confirmed with an independent data set of DES-discovered TNOs (Elliot et al. 2005 The bimodality of the inclination distribution strongly suggests, but does not prove, the existence of two independent populations. Brown (2001) argues that a Gaussian is the natural distribution for the ecliptic inclination distribution of a population of randomly perturbed zero-inclination precursors, which, if it applies in this case, would require two independent populations. On the other hand, Brown also points out that a bimodal distribution similar to the one he finds for Classicals could result from a close stellar encounter. To definitively identify two genetically distinct populations there must be measurable physical differences between the two components of the inclination distribution that cannot be attributed to evolution of an initially homogeneous precursor population.
Absolute magnitudes Levison and Stern (2001) noticed a correlation between size (using absolute magnitude as a proxy) and inclination among Classicals. Objects with low inclination are lacking among the largest known Classicals but are abundant at smaller sizes. Levison and Stern proposed that such a situation could arise if Classicals were made up of two overlapping populations: a dynamically hot population with a larger maximum object size and higher maximum inclination,
• , and a dynamically cold population with smaller objects and inclinations of less than i max ≈ 5
• . Even though many more objects are now known, including larger objects at all inclinations, the lack of low-inclination objects among the largest Classicals that prompted their work has persisted. Both the color and albedo trends are consistent with the hypothesis that the Classicals include two populations with distinct surface properties. As was true for binary frequency, the lack of a physical mechanism correlated to inclination argues against an in situ evolution of the observed color-inclination and albedo-inclination correlations.
Color and Albedo
Formation models Theoretical models and numerical simulations are often used to examine the processes and initial conditions that could have produced the observed dynamical features of the Kuiper Belt. A common thread running through all of the models discussed below is that some or all of the objects in the Kuiper Belt originated elsewhere in the protoplanetary disk. This leads to a natural, but unquantified, source for physical differences, as we discuss below.
Gomes (2003) reported the results of numerical simulations of planetesimal scattering by
Neptune as it migrated outward. The simulations were able to reproduce the high inclination populations of the Kuiper Belt, including the Hot Classicals, from a small fraction of Neptunescattered planetesimals that are temporarily trapped in resonances. In this scenario, the high inclination objects formed closer to the Sun than the lower inclination Cold Classicals that are a remnant of an outer disk that was not strongly disturbed during planet migration. The different origins can account, qualitatively, for the observed differences between Hot and Cold Classicals (size, color, albedo, and binaries). A testable corollary of the Gomes model is that all of the high inclination populations, Scattered, Resonant, and Hot Classicals, should have similar rates of binaries. The statistics on these populations are, however, currently insufficient. Levison and Morbidelli (2003) proposed an alternative mechanism that could account for the Cold Classicals. As a possible source for low inclination objects in the Kuiper Belt they examined the effects of the 1:2 resonance as it migrated outward into a planetesimal disk ahead of Neptune.
They found that leakage of objects temporarily trapped in the 1:2 resonance could approximately reproduce the dynamically cold population between 40 and 48 AU under some circumstances.
When combined with Gomes (2003) , this model implies that both Hot and Cold Classicals formed closer to the Sun than their current location, but nevertheless with the Cold Classicals at larger heliocentric distances. Thus, the qualitative basis for physical differences is preserved.
The Nice model (Levison et al. 2007a ) is a comprehensive model that provides a framework for understanding the dynamical properties of the giant planets, the Kuiper Belt, Jupiter and Neptune Trojans, and the Late Heavy Bombardment. In the Nice model, all of the objects in the current Kuiper Belt were scattered from smaller heliocentric distances during a period a giant planet orbital instability and migration. Levison et al. find a tendency for survivors scattered from the inner disk to have larger inclinations, on average, than objects that originated further out in the disk. Interestingly, they also find that objects from the inner disk have more encounters with Neptune before arriving in the Kuiper Belt than do objects that start out at larger heliocentric distances, thus providing a possible mechanism for differences in binary survival.
When considering differences in scattering history, it is worth keeping in mind that the disruption of binaries through scattering events has not yet been shown to be significant. Two binaries that are currently in unstable Centaur-like giant-planet-crossing orbits are known (Noll et al. 2006b ). Orbit integrations suggest it is likely they will survive their ∼ 10 7 year lifetime in these orbits which will include on the order of 100 close encounters with giant planets. Whether or not the scattering events experienced by Centaurs in the present solar system are comparable in strength and number to the scattering events experienced by planetesimals in the early Solar System is unknown.
In a model meant to explain the presence of the 2003 EL 61 collision family (Barkume et al. 2006 ), Levison et al. (2007b) explore the possibility that the Kuiper Belt's high inclination population may be composed of remnants of collisions between Scattered Disk objects. Like the Gomes (2003) model, this mechanism can qualitatively explain difference between high and low inclination populations based on different origins. In addition, it offers a novel explanation for a lack of binaries among high inclination objects that may have been formed by binary-disrupting collisions.
At the moment, there is no way to discriminate between the various models that have been proposed that include a potentially separate origin for Hot and Cold Classicals. It is possible that physical properties, including binary fraction, can be used to test for relationships among other subpopulations in the Kuiper Belt. Any such relationships (or lack of relationship) might then be used to constrain, and possibly eliminate, some of the competing models of the early Solar System.
Heterogeneity in the Protoplanetary Disk
The 
Conclusions
Binaries appear to be nearly absent among 100-km-sized Hot Classicals, i.e. low-eccentricity, non-resonant Kuiper Belt objects with absolute magnitudes of H V ≥ 5 and inclinations of i ≥ 5.5
• . Only one such pair has been found, the binary 2001 QC 298 (which is classified as a
Classical by only one of the two systems we considered). Conversely, at inclinations of i < 5.5
• binaries are common. A large percentage, 29±
7 6 %, of low-inclination Classicals have detectable binaries that are separated by s > 0.06 arcsec and with a magnitude difference of ∆ mag < 2.
The largest Classicals, those with absolute magnitudes of H V < 5, are different. Of the 11 objects that fit this description, only 1 has an inclination less than 5.5
• . Satellites have been found around 3 of the 11. However, all 3 systems have small secondaries compared to the primaries, ∆ mag > 2, unlike any of the more numerous, smaller Classical binaries. One of these, (120347) 2004 SB 60 has heliocentric orbital elements that are similar to 2003 EL 61 and its possible collision family ), although its neutral infrared colors (Kern, private communication 2007) make an association with this group unproven. All of these factors suggest that the satellites of the largest Classicals may be collisional in origin as has been hypothesized for the largest TNOs generally . While this leads to an unsatisfying complexity in origin of binaries among the Classicals, it may be an unavoidable byproduct of the fact that the Classicals are a composite population. Note. -Objects are listed in order of increasingī, their mean inclination with respect to the invariable plane. Mean inclinations,ī are averaged over 10 Myr integrations (Elliot et al. 2005) . ‡ Classified as Scattered-Extended by Elliot et al. (2005) ; as Classical by Gladman et al. (2008) . ♭ Classified as 7:4EEE by the DES. Both ±1-sigma orbits are, however, Classical. Classified as Classical by Gladman et al. (2008) . † Classified as Scattered-Near by Elliot et al. (2005) ; as Classical by Gladman et al. (2008) . * Classified as a Centaur by Elliot et al. (2005) ; as Classical by Gladman et al. (2008) . A and N in the instruments column denote observations made by the authors with the ACS/HRC and NICMOS/NIC2 cameras respectively. The first observation of Varuna was made by Sheppard and Noll in HST program 10555 and is marked by A. Objects denoted by an italic A were observed by Brown and colleagues in HST program 10545 (Brown and Suer, 2007) . (55636) Note. -D is the largest vertical difference between the cumulative distribution functions of singles and binaries as functions of inclination. p KS is the probability of obtaining a given D from random variation (Press et al. 1992) . the small satellites of very large TNOs which are arguably distinct from the similar-mass binaries that are ubiquitous at small inclinations. The likelihood of these two distributions arising by chance from a common parent population is less than 5% (see Table 2 ). If we restrict the sample to objects with absolute magnitudes H V > 5 the probability is less than 1%. 
